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HE triaxial compression test for bitumi- 
nous paving mixtures, through the work 
Messrs. Hveem, Endersby, Smith, and 
rs, has been developed to the point 
re its value as a research tool cannot 
loubted. There is little question that it 
rs a direct and reasonably simple solu- 
of the problem of how to evaluate the 
factors, cohesion and internal friction, 
xituminous mixtures. 

he application of the information ob- 
able by means of the triaxial test to 
problems of investigating the stability 
sxisting pavements and designing new 
3 of adequate stability is not simple. 
3 has been amply demonstrated by Dr. 
.eod in two outstanding papers.’ * 
ecognition of the fact that the applica- 
of triaxial test data is not a simple 
zess does not in any way constitute a 
icism of the tool. On the contrary, it 
its to a wealth of possible lines of in- 
jigation and special application. At the 
e time, in recognizing the value of the 
xial compression test as a research tool, 
‘e is intended no implication prejudicial 
the simple, direct tests that have been 
ad useful in the more or less routine 
k of designing bituminous mixtures in 
laboratory. 


w 


Present-Day Cells 


f. are two details, one technical and 
other pertaining to convenience of op- 
tion, of several present-day triaxial cells 
sare subject to criticism. It is the pur- 
» of this paper to report on the efforts 
the past several years to overcome the 


resented at the annual meeting of the Association 
sphalt Paving Technologists, Denver, Colo., Feb. 


ort evaluation in Canada, by Norman W. 
Highway Research Board, Research Report 
4B, October 1947. F 
he stability of granular and cohesive materials in 

ui comnression, by Norman W. McLeod. Proceed- 
f the Association of Asphalt Paving Technolo- 
1948. 
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n Improved Triaxial Compression Cell 
lor Testing Bituminous Paving Mixtures 


Reported ' by C. A. CARPENTER, Senior Materials Engineer 


J. F. GOODE, Highway Research Engineer 


and R. A. PECK, Assistant Materials Engineer 


The triaxial compression test is unquestionably a useful tool in research 


investigations of bituminous mixtures, but present-day types of cells have two 


difficulties that hamper their use. 


The fixed-sleeve triaxial compression cell, 


with its rubber sleeve attached to the top cell plate, introduces an indeterminate 


stress component into test results because the top of the sleeve has to stretch as 


the specimen is deformed vertically. 


The free-sleeve cell, in which the sleeve is 


attached to the upper bearing plate, eliminates this indeterminate but must be 


dismantled for insertion and removal of each specimen. 


The Bureau of Public Roads laboratory has now devised a new cell with 


the advantage of the free-sleeve type in properly measuring stresses, and none 


of its disadvantages in manipulation. 


the base plate through which the specimen is easily inserted or withdrawn. 


The new cell has a circular opening in 


The 


plug for the opening, which serves as the bottom bearing plate for the specimen, 


is quickly attached or released by three latches. 


Compressed air is ordinarily used in applying lateral pressure to the speci- 


men, but the new cell is also fitted for high temperature tests with hot water 


as the heat and pressure-transmitting agent. 


An added feature is a perforated 


copper shell to protect the operator if the lucite cylinder bursts under pressure. 


difficulties that have given rise to these 
criticisms. 

The first, or technical, criticism arises 
from the fact that several triaxial cells, in 
order to provide for maximum convenience 
of operation, have been designed with fuil 
specimen-sized openings through both the 
top and bottom plates with the rubber sleeve 
attached to the upper and lower plates 
around the peripheries of these openings. 
This type of cell has been called the “fixed- 
sleeve” type. 

From the standpoint of convenience in 
inserting and removing test specimens, this 
arrangement is ideal. Unfortunately, how- 
ever, it introduces in the test results an 
indeterminate stress component. As _ the 
test specimen is deformed by the downward 
movement of the plunger, the sleeve, being 
held tightly against it by the surrounding 
fluid pressure, is prevented from slipping 
by friction. Thus, the part of the sleeve 
immediately below the line of attachment 
to the upper end plate has to stretch just 
as much as the test specimen is deformed 


verticaily in the test. This stretching can- 
not be produced without external force. 
The stronger and tougher the rubber sleeve, 
the greater is the force required to stretch 
it as the testing plunger moves down with 
the deforming specimen. Some of the 
sleeves now in use, particularly those of 
neoprene, are extremely strong and re- 
sistant to this stretching. Furthermore, 
there appears to be no satisfactory way 
of calibrating the equipment in order to 
correct for the extra force involved, be- 
cause the length of the stretched section 
of the sleeve is indefinite and variable. 

Several years ago the soils laboratory of 
the Bureau of Public Roads made an ex- 
tensive study of the various types of triaxial 
cells then in use‘ and then designed a very 
much simplified cell that embodied in one 
unit what appeared, from a technical stand- 
point, to be the most desirable features of 
the several types then in use. 

‘ Essential features of tr’ax’al shear tests, by C. A. 


Hogentogler and E. S. Barber. PUBLIC ROADS, vol. 20, 
No. 7, September 1939. 
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Figure 1.—The cell, with specimen in place. ready for test. 


Most important of the features incorpo- 
rated in the Public Roads design was the 
so-called free rubber sleeve. In the free- 
sleeve type of cell, the upper end of the 
rubber sleeve is attached not to the top 
plate of the cell but to an upper bearing 
plate, which was designed to operate en- 
tirely within the pressurized zone. This 
eliminated the longitudinal stretching of 
the sleeve and the indeterminate vertical 
force component that the stretching entailed. 

Much of the simplification of design that 
was attained was made possible by adopting 
air, rather than liquid, for the cell pres- 
sure medium. The air is taken from a 
compressor and passed through a flow-type 
back-pressure regulator which delivers it 
at the desired gage pressure. The desired 
pressure is easily maintained by simple 
manipulation of the pressure-regulator con- 
trols even when there is considerable leak- 
age of air from the cell. 

The second criticism, applicable to the 
free-sleeve cells, is based on operational dif- 
ficulties. The criticism arose from the in- 
herent characteristics of these cells: namely, 
that it was necessary to disassemble the cell 
and disconnect the sleeve from the interior, 
upper bearing plate in order to insert or 
remove each test specimen. The Public 
Roads cell was designed so that this in- 
volved a minimum of inconvenience, but, 
when utilized for testing bituminous mix- 


tures, it was found that a modification of 
design would be advantageous for this 
special application in order to facilitate 


the testing of a larger number of specimens 
in a given time. The desired result has 
been obtained by designing a new cell which 
provides for the insertion and removal of 
test specimens through an opening in the 
base plate. 
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The New Public Roads Cell 


Figure 2 is a diagrammatic sketch of 
new cell. As in all free-sleeve types, 
rubber sleeve is attached to ‘the te 
plunger. In this model, the testing plu 
or plate is positioned within the cell 
actuated by a polished stainless-steel t 
rod which operates through a lap-fini 
bronze bushing in the top plate of the 

The new and special feature of this 
is the opening in the base plate, which 
mits the insertion of test specimens dir 
into the sleeve, and also their rem, 
without disassembling the cell. Thusk: 
the operational advantages of the fi ‘ 
sleeve type cell are gained, while stil) 
taining the technically desirable free s 
which permits the testing of the speci 
without developing the indeterminate si 
component mentioned above. 

The bottom of the rubber sleeve is 
tached to the lower plate of the cell ar 
the periphery of the opening by mear 
two interlocking clamping rings in a ma 
not essentially different from that us 


Note the compressometer cbove. | SOMe of the fixed-sleeve cells. The 
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Figure 2.—Diagrammatie sketch of improved triaxial cell. 
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l (ol f' or rest for the specimen is not pro- 
d with a sealing gasket and, therefore, 
not provide full maintenance of pore 
sure when testing water-saturated spec- 
"e iafas. In general, the maintenance of pore 
‘ihe tigsure in testing saturated bituminous 
le wftures is not desired. If needed, the 
gn can be modified to provide for seal- 
ig the plug so that pore pressure will be 
ntained. 

characteristic of all free-sleeve cells 
4) probably should be mentioned here is 
ind the cell pressure is applied not only 
trally on the test specimen, but also 
|: the top except for the relatively small 
ji of the thrust rod (see fig. 2). Because 
jthis fact it is necessary, before com- 
‘jing the values for cohesion and friction, 
sorrect the indicated total vertical load 
adding to it the quantity, unit cell pres- 
‘2 times net area of bearing plate. 


Air or Water Pressure Used 


jis long as the test is made only at 
jratory room temperature with the spec- 
nn brought to 77° F. before inserting it 
the cell, air is the most convenient fluid 
/use in applying the lateral pressure. 
‘does not cause rusting of the equipment, 
leakage leaves no liquid to dispose of, 
it is usually more conveniently avail- 
e under suitably controlled pressure. 
Wever, in order to provide for at least 
ie investigational testing at higher tem- 
atures, provision has been made for in- 
ducing hot water into the cell and for 
ermining the temperature of this water 
the time the compression test is run. 
nm the present design, the hot water is 
lied directly from a hot-cold mixing 
)through a hose to the hot water fitting 
the upper left (see fig. 2). The cell is 
ed water at a temperature just 
thtly above the desired test temperature. 
& water is allowed to cool to test tem- 
fature as indicated by a thermometer 
stened to the inner surface of the lucite 
Inder. The specimen is then inserted, 
‘ ¢desired pressure is applied by means of 
N fF acting on top of the water, and the 
fipression test is made. Regardless of 
jlat predetermined test temperature. is 
mg used, all test specimens are brought 
that temperature in an automatically 
trolled air bath or oven before being 
Serted in the cell. This method of testing 
“elevated temperatures takes somewhat 
figer than would be necessary if it were 
Ssible to circulate water at the correct 
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fause, in the present set-up, the water 
$ to be blown out and replaced with 


iS noticeably below the desired test tem- 
lature. This has not proved to be par- 
Mlarly inconvenient, however, because it 
kes so little time to insert a specimen and 
ke a triaxial test in this equipment. 
Mice, it is possible to complete several 

$s before the water has to be changed. 


fe IC ROADS e Vol. 26, No. 9 





Figure 3.—Inserting a specimen into the improved cell, which rests on the detachable shelf. 


Use 


The Cell in 


The cover photograph shows the cell 
lying on its side, with a specimen in place 
for testing. The bottom plug is at the 
left, leaning against the base plate of the 
cell. The three latching bars are necessary 
to prevent the air pressure from blowing 
the specimen and plug back out through the 
bottom opening and thus lifting the entire 
cell off the platen of the testing machine. 

The cell is shown resting on a special 
bracket and centering guide that may be 
attached to or removed from the testing 
machine in a matter of seconds. The 
bracket shelf has an opening through it 
large enough for the test specimen and 
the plug to pass through freely and is 
so arranged that the cell can be slid easily 
directly onto it from the platen of the 
testing machine or from the shelf onto 
the machine in a vertical position. This 
arrangement adds materially to the con- 


venience and speed of operation. 


Figure 3 shows the operation of inserting 


a test specimen or of removing one. Note 
that the rubber sleeve is considerably en- 
larged to permit free movement of the spec- 
This enlargement of the 
vacuum on 


imen. sleeve is 
htar r Araurnnag « ~luaht 
obtained by drawing a slight 
the cell throuzh the rubber tube ard needle 
valve at the left and top, respectively. In 
this of the bottom latch 
is shown just above the edge of the bracket 
shelf and slightly to the right of center of 


view, one levers 


the cell. The vertical steel rod in the 
foreground is one of the three tie rods 
with top wing nuts which provide fo. 


quick disassembly of the cell for cleaning 
and drying. Just to the right of the tie 
rod and inside the cell, between the lucite 
eylinder wall and the rubber sleeve, is a 
copper tube with one bottom side opening 
and an external stop cock at the top. This 
assembly is provided for introducing and 
removing hot water when tests are to be 
temperatures. It does 
alone is 


made at elevated 
not have any function 
used as the cell-pressure medium. 


when air 
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Replacement Sleeves 


Replacement sleeves are made up in the 
laboratory as often as needed. The stock 
material is dental dam rubber which is pur- 
chased in sheets 0.01 inch thick, 36 inches 
wide, and in any length desired. To make 
a sleeve for a 4- by 8-inch test specimen, a 
strip of rubber about 10% inches wide and 
36 inches long is cut from the stock sheet, 
attached along all edges to a supporting 
frame, and coated on portions of both sides 
with one coat of cold patching rubber ce- 
ment. The supporting frame has an opening 
10% inches wide and 38 inches long. 
The rubber is attached to the frame 
by means of adhesive tape, some stretching 
of the sheet being necessary in order to 
accomplish this. To simplify the following 
discussion, one end of the rubber sheet will 
be referred to as end A and the other B. 
In applying the rubber cement, the upper 
side is coated from end A, a distance of 
about 25% inches toward end B, leaving 
the last 12% inches toward end B uncoated. 
The under side is coated from end B toward 
end A, a distance of 25% inches. After the 
cement has dried thoroughly in the air, the 
adhesive tape holding end B to the frame is 


removed. A 4-inch-diameter mandrel is 
laid on this end, which is uncoated on its 
upper side. The rubber sheet is then 


fastened with adhesive tape to the face of 
the mandrel. Then the mandrel is rolled 
toward the other end, pulling the rubber 
loose from the adhesive tape on the edges 
of the frame as it goes along. Three com- 


Figure 4.—The triaxial cell encased in iis 


protective perforated copper guard. 
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Figure 5.—Effect of asphalt content on cohesion and secondary effect of 
immersion, 


plete wraps are made and the material 
provides sufficient overlap to produce a 
four-ply joint. The result is a three-ply 
rubber sleeve which, because of its laminated 
structure, is extremely tough and durable. 
Because of its thinness and the fact that 
it is composed of new, live natural rubber, 
the sleeve is so resilient that it has no ap- 
preciable stiffness and has, therefore, no 
detectable effect on the test results that 
can be attributed to its physical character. 

Because, in wrapping the cement-coated 
sheet on the mandrel, one of the uncoated 
ends is applied first and the other uncoated 
end goes on last, the inside and the out- 
side of the finished sleeve are not fouled 
with unneeded cement. The operation of 
removing the sheet from the supporting 
frame and wrapping it on the mandrel re- 
quires considerable care to prevent fold- 
ing, wrinkling, or creasing, and to maintain 
a suitable tension while the rolling is being 
done. The first few attempts are quite 
apt to be disappointing, but it will be found 


CONTENT —- PERCENT 
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a 
that a satisfactory technique can be 


veloped and that the resulting produce 
highly satisfactory from a technical sta@ “ 
point. 
To remove the finished sleeve from | 
mandrel it is simply rolled back at one 
and turned wrong side out, the strip| 
tape being pulled loose from the man¢ 
in the process. Final preparation of #'! 
sleeve for installation in the cell consi 
of trimming off the inside flap formed#® \\ 
the tape and squaring the ends, also mp" 
trimming. 
The sleeve is attached to the upper pl] 
or plunger of the cell by first cement 
and then wrapping with cotton cord # 
large rubber bands. As previously no) 4 
it is attached around the bottom p) 
opening with two interlocking clamp 
rings which are screwed to the bed pl} 
the folds of the sleeve around the lo 
clamping ring constituting the seak 
gasket. The extra 2% inches of sle 
length provided by cutting the orig 
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Results of tests— 


Table 1.—Effect of varying the asphalt content of bituminous mixtures on cohesion, 
friction, and unconfined compressive strength before and after immersion 


Retention of character- 









Parts 
asphalt 
ver 100 of 


On dry specimens 


ej ‘ : , istics after immersion 
n wet specimens ?” 








iggregate 





















1 Averages of three determinations. 
2 After immersion in water at 120° F. for 4 days. 


Bp 10% inches instead of 8 inches wide 
needed for making these connections and 
‘trimming. 


Testing Practice 


Mgure 1 shows the cell in place on the 
ten of the testing machine with the air- 
sSsure hose from the back-pressure regu- 
or connected at the upper right of the 
| and the pressure gage mounted on the 
ie of the cell. Tests are currently being 
de at cell pressures of 0, 30, and 60 
mds per square inch. Also shown in 
are 1 is the compressometer that is used 
obtaining load-deformation recordings 
all the tests. The feeler of the com- 
’ssometer is actuated by a polished bear- 
f face in the stem of the upper bearing 
jjite of the testing machine on a line which 
an extension of the vertical axis of the 
it specimen. The recording drum may 
Wseen at the right of the large load indi- 
tor dial. 

In conducting triaxial tests in the Public 
ds laboratory, as well as all other com- 
essive tests of bituminous paving mix- 
s, the specimens are stressed to failure 
continuously increasing loading and, 
*refore, continuously increasing deforma- 
A rate of vertical deformation of 0.05 
h per minute per inch of specimen height 
sed. Thus, if the test specimen is 8 
hes high, the platen speed is 0.4 inch 
it minute and for a 4-inch specimen it is 
}! inch per minute. Although this unit 
te of deformation was selected somewhat 
bitrarily and possibly has no superiority 
er any other reasonable rate, it is ex- 
mely important that all test results that 
€ to be compared with one another for 
aluation of one or more characteristics 
uld be obtained under some inflexible 
of standard conditions. The plastic or 
u-plastic bituminous mixtures are es- 
lally sensitive to such factors as rate of 
Ormation and temperature. High rates 
deformation result in high cohesion val- 
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8 Retained strength =(strength after immersion + average of dry strengths for same mixture) xX 100. 
4Retained cohesion = (cohesion after immersion + average of dry cohesions for same mixture) * 100, 


ues and high compressive strength values, 
while high temperatures have the opposite 
effect and result in low cohesion and com- 
pressive strength values. Therefore, the 
greatest care must be exercised to maintain 
the rate of deformation and the specimen 
temperature as nearly constant as possible 
during the tests. 


Up to this point, the features and tech- 
niques having to do primarily with the pro- 
duction of satisfactory test data have been 
considered. Before presenting illustrative 
test data, mention should be made of the 
difficulty that was experienced in the early 
use of the triaxial test for bituminous mix- 
tures because of the adhesion of the speci- 
men to the rubber sleeve and to the upper 
bearing plate or plunger. A simple solu- 
tion for this trouble was found to be a 
light dusting of the specimen with powdered 
tale just before making the test. This 
practice has not only eliminated the opera- 
tional difficulties, but has added materially 
to the useful life of the rubber sleeve, first, 
by keeping it free of bituminous material 
which tended to soften it eventually and 
second, by protecting it to some extent 
from being punctured or ruptured by speci- 
mens having abrasive or porous surfaces. 


A Cell Guard 


A recent addition to the cell has been 
made to guard the operator against injury 
in case of failure of the lucite cylinder to 
withstand the internal air pressure. Re- 
cently, an operator in a State laboratory 
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Figure 6.—Effect of asphalt content on internal friction and secondary 
effect of immersion. 
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was seriously injured by flying particles 
of lucite when the internal air pressure 
exploded the cylinder. The use of com- 
pressed air always entails the danger of 
an explosive rupture of the equipment. 
This danger is not present when a liquid 
pressure medium is used, unless the liquid 
is pressurized with compressed air. Fig- 
ure 4 shows the protective addition—a 
perforated sheet-copper shield that has been 
placed around the lucite cylinder to cushion 
a possible rupture and to retard the flight 
of broken pieces of lucite. It is believed 
that this is an important precaution that 
should be taken even though the equipment 
may have been pretested at a pressure con- 
siderably higher than that to be used in 
normal operation. 

Of course, the lucite might be replaced 
by a brass or steel cylinder, but the trans- 
parent cylinder has the definite advantage 
of permitting observation of test conditions, 
some of which have a bearing on the re- 
sults, and the perforated copper shield does 
not interfere seriously with this feature 
of the lucite cylinder. 


Preliminary Testis With New Cell 


While the primary purpose of this paper 
is to describe the equipment that has been 
developed in the Public Roads laboratory 
for the triaxial compression testing of bi- 
tuminous paving mixtures, it will be of 
interest ‘to present some data that have 
been developed in order to convey an idea 
of how successfully the present equipment 
performs. 

In table 1, there are shown the data re- 
sulting from a preliminary investigation of 
the effect of variations in asphalt content 
on the cohesion and friction values and on 
the unconfined compression values for a 
series of bituminous mixtures that were 
identical in all respects except asphalt con- 
tent. A secondary purpose of this study 
was to determine the effect, on the triaxial 
and unconfined compression test values, of 
immersing the same series of mixtures in 
water at 120° F. for 4 days. 

The aggregate used in all the mixtures 
was a combination of crushed granite hav- 
ing little resistance to the stripping action 
of water, Potomac River sand, and limestone 
dust. The various aggregate fractions were 
weighed out in batches, each of just suffi- 
cient quantity to form one 4- by 4-inch test 
cylinder. These individual aggregate batches 
were preheated to the mixing temperature 
of approximately 325°F. in an automatically 
controlled electric oven and then mixed with 
the asphalt in a special laboratory mixer 
having a maximum capacity of slichtly more 
than 2,000 grams. The asphalt was an 
85-100 penetration grade having an actual 
penetration of 95. Jt was brought to the 
mixing temperature just before adding it to 
the aggregate in the mixer and only enough 
asphalt was heated at one time to make 
one batch. The mixtures were compacted 
in a double-plunger cylindrical mold under 
a load of 3,000 pounds per square inch after 
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first being carefully spaded around the edge 
and leveled in the mold to reduce surface 
voids and local strains during compression. 
This initial spading and leveling with a 
thin-bladed spatula has been employed for 
several years and has been found to aid 
materially not only in producing specimens 
of more uniform appearance, but specimens 
having more uniform densities and less ag- 
gregate degradation than was the case be- 
fore it was adopted. The 4- by 4-inch spec- 
imens were used because it was desired to 
include the previously mentioned study of 
the effect of water and it had been found 
that 4- by 8-inch specimens were very diffi- 
cult to handle after immersion without de- 
forming them and rendering the test re- 
sults somewhat erratic. All compression 
tests were made at 77°F. on both dry and 
wet groups. 


Test Results 


The data shown in table 1 have been 
plotted in figures 5-8 to show graphically 
the various relations to be investigated. 
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Figure 7.—Effect of asphalt content on unconfined compressive strength and 
secondary effect of immersion. ; 



















Figure 5 shows the effect on the coh | , 
values resulting from varying the asphit 
content from 2 to 8 parts by weight 
100 parts of aggregate, both before 
after immersion in water. In the b ! 
curve, the gradually increasing tendeney) ie 
the richer mixtures to resist the action}: 
the water is shown by plotting the percet 





iod, against the asphalt content of ~ 
mixtures. The rise of the cohesion cur> 
for both the dry and wet specimens fr 
relatively low values for the lean mixtu) 
to optimum values for some intermedi 
asphalt content and then the quick fall ¢ 
off of the cohesion values for the excessiv} 
rich mixture are characteristic. Of sper 
interest is the indication, which mighty 
expected, that the lean mixtures may )é 
very susceptible to the action of wair 
while the 8-percent mixture, having 

pore spaces virtually sealed or filled wl 
asphalt, is almost unaffected by immersin) 
insofar as the cohesion reflects this effit 
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Figure 6 shows the effect of increasing 
halt content in reducing, at an almost 
iform rate, the internal friction of the 
§xtures prior to immersion. On _ super- 
al consideration of the lower curve, show- 
the additional loss in friction when the 
P2cimens were immersed, it might seem 
gical that the very lean mixture is af- 
ted much less than any of the others, in- 
ding those of intermediate or near-opti- 
m asphalt content. 
On more careful analysis, it appears that 
S might be explained in this way: The 
nm mixture contains so little asphalt that 
internal friction is almost the same as 
t of the aggregate itself. However, it 
kes little difference how much water 
ers the mixture, insofar as the effect on 
ction is concerned, because water has 
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igure 8.—Effect of asphalt content on cohesion, unconfined compressive strength. 
and internal friction. 


such a low viscosity that without pore 
pressure it has almost no effect on the 
friction of granular aggregates. The mix- 
tures of intermediate asphalt content still 
have enough pore spaces to admit consid- 
erable amounts of water, but the pore 
openings are probably enough restricted by 
asphalt so that, when the specimens are 
loaded, the water creates some pore pres- 
sure as shearing occurs and thus affects the 
internal friction to a marked degree. The 
very rich mixture admits little water and, 


therefore, as compared to the mixtures be- ° 


fore immersion, is less affected than the 
intermediate ones. It seems fairly safe to 
assume that a little more asphalt would 
completely seal out the water and, at some 
point to the right, the two curves might 
become one. At such a point both the 


cohesion and internal friction would be so 
low that the mixture would have only as 
much supporting value as would be pos- 
sessed by asphalt alone. 

Figure 7 shows relations between uncon- 
fined compressive strength and asphalt con- 
tent that are strikingly similar to the co- 
hesion curves of figure 5, probably indi- 
cating that the unconfined compression 
values are affected more by the cohesion 
factor than by the internal friction. This 
is also indicated in figure 8 where the co- 
hesion, unconfined compression, and fric- 
tion values for the water-free specimens 
are shown in their relation to each other. 
However, the influence of friction is also to 
be seen in the compression values at the 
right, in that as soon as the cohesion values 
pass the maximum and begin to fall off 
the compression curve falls at an increasing 
rate, as if drawn downward by the rapidly 
falling friction curve. 

While the test data that have been pre- 
sented are not extensive, it being the pur- 
pose of this paper to describe certain de- 
velopments in the equipment and techniques 
rather than to report extensively on the 
application, it is felt that they are consis- 
tent and indicative of the characteristics of 
the materials. In most respects, the data 
tend to corroborate the findings of other 
investigators who have used essentially simi- 
lar equipment. 

As to the choice of cell type, it apnears 
that any one of several that are in nse 
today can be used successfullv. The wide- 
spread interest in the triaxial test and the 
numerous very stimulating papers and re- 
ports that have been written recently on 
the subject indicate that the triaxial test 
is definitely a valuable research tool. Its 
demonstrated value as such will justify 
considerable effort to select or develop the 
most convenient and dependable model pos- 
sible and then to standardize it so that 
those who use the triaxial method of test 
may speak the same language when they 
want to discuss the factors that affect 
cohesion and internal friction. 
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Highway Control Sections 
Their Establishment and Use 


Reported by GORDON D. GRONBERG, 


Highway Economist 


ADMINISTRATIVE RESEARCH BRANG 


The division of a highway system into permanently established highway 


control sections provides logical, practical, and convenient units for which a 


vast amount of highway cost and performance data may be recorded in an 


organized fashion. The use of a uniform accounting system is important if the 


data so compiled are to be of value. 


Cost data obtained from control sections are used in the preparation of 


highway construction and maintenance budgets and for analyses and comparisons 


of construction and maintenance costs by surface types, roadway widths, surface 


thicknesses, year of construction, and topographic locations. 


Special investiga- 


tions have been undertaken by control sections to study soil conditions, influence 


of traffic on various surface types, costs per vehicle-mile, and construction and 


mainienance economics. 


HERE exists today in every State a 

great need for a centrally located and 
organized body of data relating to every 
phase of highway management, operation, 
and performance. The increasing demands 
for all kinds of information for planning, 
programing, administrative, and legislative 
purposes have highlighted this need. The 
most effective means of accomplishing the 
assembly of such a vast amount of data in 
an organized fashion is through the estab- 
lishment of highway control sections.’ 

In essence, the control section procedure 
involves the division of the highway system 
into convenient, practical units for which 
design, construction and maintenance cost, 
inventory, and performance records are 
kept on a uniform and continuing basis. 
Once established, the units are permanently 
fixed so that records maintained through the 
years will be directly comparable. The con- 
trol section system described in this article 
has already been adopted by 17 States. 

One of the problems that has confronted 
the highway administrator has been the 
recording of highway expenditures in a 
manner that will permit comparisons of 
construction and maintenance costs for var- 
ious sections of the highway system. It has 
generally been impossible, in the past, to 
correlate construction costs with mainte- 
nance costs, as maintenance sections were 
often consolidated, eliminated, or adjusted 


from year to year. The establishment of 


| Highway control sections, by Fred B. Farrell. 
American Highways, vol. 25, No. 1, January 1946. 
Published by the American Association of State High- 
way Officials. Also, Report of the Committee on High- 
way Costs, Department of Economics, Finance, and 
Administration, Highway Research Board. Highway 
Research Correlation Service Circular No. 61, May 
1949. 
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control sections and the reporting of con- 
struction and maintenance costs on a uni- 
form basis will make these comparisons 
possible, 

Uniform construction and maintenance 
operation and cost records kept for perma- 
nently designated control sections enable 
States to make comparisons of costs based 
on similar pieces of property; factual in- 
formation can be obtained on various kinds 
of highway work as affected by climate, 
traffic, etc.; and studies can be undertaken 
on the annua! costs for each control section.” 
The information is also of fundamental 
value in the management of a highway de- 
partment on an efficient basis. 


Nature of Control Sections 


Highway control sections are segments 
of highway whose termini are county lines 
and major intersecting routes. In certain 
cases, other criteria such as changes in 
topography (mountainous or non-mountain- 
ous), traffic characteristics, and adaptability 
as maintenance sections have been used. 
Where a bridge is encountered at the ter- 
mini of two control sections or at a county 
line, the bridge and approaches are usually 
included in their entirety in one or the 
other control section. In some States, be- 
cause of shared financial responsibility, 
etc., it has been necessary to distribute a 
proportionate share of the cost of. such 
bridges to each county. Major structures, 
interchanges, traffic circles, Y connections, 
ramps, etc.. are included either with the 
control section on the main or through 


°A procedure for determining the annual cost ofa 
section of rural highway, by H. W. Hansen. Pustic 
Roaps, vol. 26, Ne. 7, April 1951. 
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route or with the route on which they w 
constructed. These special highway faci 
ties can also be set up as separate cont) 
sections, if desired. 

The essential attributes of a desira 
control section are fourfold. The cont¥ 
section should be, first, a unit with a reas) 
ably uniform traffic volume throughout 4 
length; second, a logical unit for devel) 
ment to the same general type and stail 
ard; third, a practical unit for report 
maintenance costs; and fourth, a conveni 
unit for the compilation of statistical <¢ 
research data involving the assembly ¢ 
correlation of construction and maintena: 
expenses, service-life characteristics, trf 
fic data, design standards, ete. 

The length of control sections varies, 2 
pending on the frequency of intersectios 
changes in topography, etc. In the east 
part of the United States the average lens 
is 5 to 8 miles, in the central part from( 
to 12 miles, and in the western part fri 
15 to 18 miles. 

Once established, control sections are p 
manent units of the highway and are i 
to be changed except as necessitated by 
location or where extensions of or additic 
to the highway system are encountered t 
the future. These control sections 
utilized by each division of the highwyj 
department—planning, programing, rig: 
of-way, design, construction, maintenan? 
and accounting. 

Control sections have already b 
adopted in 17 States, and are under dise 
sion in many of the remaining Stats 
Control sections are established on the ent 
State highway system. In a few Sta 
they have also been established on the Sta? 
aid roads in addition to the State high 
system. It is of interest to note that cont 
sections have been put into use in Pue 
Rico and in Turkey. 

The general objectives of the control 
tion procedure are clear cut and sho 
not be made complicated or rendered burd 
some by the incorporation of too much ? 
tail. Further, before control sections 
put into operation the field personnel shor 

; 





be carefully schooled and fully instruct 
in the most practical methods of reports 
operations and costs. 
j 
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_ Establishing Control Sections 


For an average State the establishment 
§ control sections on the State highway 
stem, involving selection and designation 
termini and other preliminary work 
/ eessary in outlining a general plan of 
eration, can usually be accomplished in 
or 3 weeks. In making the change-over 
the new procedure, the work of drafting 
ntrol sections on county maps, preparing 
ntrol section descriptions, revising pay 
ju and other forms, and instructing field 
in the use of new forms and 
Hding procedures ordinarily takes from 
to 8 months. 
A control section committee, composed of 
heads of the various divisions of the 
ghway department, is usually organized 
len a State undertakes the establishment 
ontrol sections. Any proposed changes 
control section termini or the addition 
New sections due to relocations or addi- 
ms to the system are subject to the review 
id approval of the committee. It is also 
€ function of this committee to supervise 
€ drafting of control sections.on county 
aps, to write control section descriptions, 
'prepare manuals of instruction for re- 
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Figure 1.—A portion of the control section system in Idaho. 
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porting costs by uniform cost classification, 
and to coordinate its activities with those 
of the Bureau of Public Roads in Federal- 
aid route and project numbering and other 
matters of joint interest. 


MAIN ROUTE 


3901 390! 


Once control sections have been estab- 
lished, a special project under the highway 
planning division of the State highway 
department can be set up to bring the his- 
torical construction data, particularly con- 
struction costs, up to current status on a 
control section basis for use in various 
types of economic road cost analyses. 


Numbering and Termini 


It is general practice to use a four- to 
six-digit number to identify the control 
section. The first two or three digits 
usually indicate the county number in alpha- 
betical order, and the last two or three digits 
indicate the section number within the 
county. 

Figure 1 shows a portion of the control- 
section set-up established in Idaho. These 
control sections are a fixed series of road 
sections upon which all construction costs, 
maintenance costs, traffic, and other opera- 
tional data are kept by the State as a mat- 
ter of permanent record. 

Figure 2 illustrates the suggested pro- 
cedure for handling control section termini 
at rural road intersections. As shown at 
the left in the figure, where the main route 
intersects a secondary route, the main route 
is continuous and the secondary route breaks 
at the intersection. As shown at the right 
in the figure, where the main route inter- 
sects a more important secondary route, the 
volume of traffic at the intersection war- 
rants a break in both routes. This can be 
handled by dividing the main route into 
two control sections with a Y connection in 
each section, or by treating the entire inter- 
section as a separate control section. 

The principle of control sections can also 
be applied to city streets, in which case each 
block and each intersection becomes a con- 
trol section.* Figure 3 illustrates the meth- 
od of establishing control sections in cities. 


3 Milwaukee methods of determining and controlling 
lengths of blocks and intersections, by R. W. Gamble. 
Proceedings of the Highway Research Board, vol. 26, 
1946. 
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Figure 2.—Control section termini at rural intersections. 
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NORTH-SOUTH STREET” 
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Figure 3.—Control section termini in a city. 


Figures 4 and 5 are examples of the meth- 
ods that have been used by various States 
to physically designate control section ter- 
mini. In Maine (fig. 4), the control section 
number that can be seen from the road is 
the section being entered. In Nevada (fig. 
5), the posts are set at an angle and both 
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Figure 4.—A Maine control section marker. 
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control section numbers are visible from 
the road. Control sections in Nevada are 
designated by two letters and two numbers, 
the former identifying the county and the 
latter identifying the control section within 
that county. 


Subsections 


The various divisions of the highway de- 
partment may, for their own purposes, de- 
sire to break down control sections into 
smaller segments. To accomplish this, con- 
trol sections can be divided into subsections 
at urban limits, changes in surface type, 
variation in widths and ages, and for such 
highway facilities as bridges, interchanges, 
traffic circles, and grade crossings. Sub- 
sections are also utilized for traffic or ac- 
cident studies, soil condition surveys, or 
any special purpose or study that a State 
desires to undertake. The establishment of 
subsections is ordinarily left to the dis- 
cretion of each division of the highway de- 
partment. Accordingly, the subsections may 
not be uniform among the various divisions. 

There is no specifically recommended sys- 
tem of numbering subsections. One system 
in use involves numbering subsections con- 
secutively within a control section, utilizing 
a two- or three-digit number. If it is de- 
sired to identify particular types of highway 
facilities, then blocks of numbers can be 
used for unincorporated or incorporated 
areas, bridges, special types of intersections, 
traffic circles, etc. 

Another system uses, as an identifying 
number for each subsection, the distance, in 
hundredths of a mile, that the subsection 














is from the western or southern end 4 
control section. It may be preferable ' 
ignore the actual direction of the ae 
control section and use the prevailing dir 
tion of the route on which the control sectiy' 
is located. In this manner, all subsectics" 
will be numbered according to mileagg”” 
measured in the same general direction :y” 
any particular route, thus facilitating te” 
preparation of logs, etc. If this sche '” 
is used the first subsection within each e a 
trol section will be numbered 0000, indie|s)"* 
ing that the subsection starts at one ed 
of the control section. A subsection nuj\s" ! 
bered 0351 would be the subsection startigi"’! 
3.51 miles from the western or southern eq" " 


of the control section. y i 
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Uniform Cost Accounting 
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From the standpoint of keeping cost r fii 
ords, only part of the job has been splilg 
complished when control sections have bea! 
established. It is equally important tlt)! * 
the costs themselves be reported on a w' as t 
form, logical, and practical basis. 4 emt 

The adoption of a uniform system of » 
counts by State highway departments y 
enable comparisons of costs and accompli 
ments among States to be made which woid 
lead to more effective ways and means f 
planning, programing, constructing, 2@ 
maintaining highways. Similar advantajs. 
can be obtained by local governmental unis 
having responsibilities for road affairs.| §, 














4Is cost accounting worth its cost [to countic 
Better Roads, vol. 20, No. 9, September 1950. ‘je 
uniform cost accounting system for Wisconsin cou 
highway departments, by W. B. Blair, Western B 
June 1, 1950. A standardized system of fiscal and 
accounting (manual for the office of the county er 
neer in the counties of Kansas), by a Committee o! 
Kansas County Engineers Association, August 1!) 





Figure 5.—A Nevada control section i | 
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he construction and maintenance cost 
reported by control sections are being 
by the ofnciais ot the State highway 
rumeats in planning financial, construc- 
, and maimtenance programs. One of 
more recent uses being made of the 
truction and maintenance cost data is 
determination of the annual cost of 
ons of the highway. Such work is cur- 
ly under way in connection with the 
jal load-condition surveys. 
practical and efficient system of cost 
@iunting has long been recognized as an 
nagyntial part of the routine functions of 
im ghway agency. The generally accepted 
he le on accounting procedures is the pre- 
finary manual of accounting procedure 
Bi State highway departments prepared by 
Subcommittee on Uniform Accounting 
ihe American Association of State High- 
(ii Officials. In a 1949 survey® of the 
vat unting procedures of the State highway 
ave ments it was found that there were 
s{4' 10 States which kept construction cost 
yunts that conformed to or had only 
or deviations from the recommended ac-- 
ts of the Subcommittee. In 3 States 
construction accounts had major devia- 
s from the recommended accounts, and 
5 States no classified construction ac- 
were kept at all. 
| ecording to the survey, however, even in 
"tes which have established uniform con- 
"Siction and maintenance cost accounts 
Mi are cases where sound accounting 
iif etices are violated to an extent that im- 
mL the value of the cost records obtained. 
wii: of the most frequent deviations from 
ecommended procedures is in the pro- 
iz of many items of expense. 
ie of the objectives of the uniform ac- 
nting system is to show the true expen- 
ires for construction and maintenance, 
rdless of whether construction or main- 
nce funds are involved, whether the 
t is done by contract or day labor, or 
her it is performed under the super- 
of construction or maintenance divi- 
In many States, additions and bet- 
ents to the highway system are done 
aaintenance forces and paid for from 
mtenance funds. Since additions and 
rments are construction and not main- 
Nee, in that they are capital invest- 
s which increase the value of the high- 
facilities, they should be reported as 
ruction even though maintenance funds 
used and maintenance personnel per- 
the work. 
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Construction Cost Accounts 


nstruction cost accounts have been rec- 
nded by the Subcommittee on Uniform 
ting of the American Association of 
Highway Officials for recording con- 
tion operations, and have been adopted 
' States in connection with the estab- 


tus of fixed asset and maintenance cost ac- 
mg by State highway departments, by the Com- 
.on Highway Costs, Department of Economics, 
ee. and Administration, Highway Research 

Highway Research Correlation Service Circular 
», August 1949. 
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lishment of control sections. The recom- 


mended construction accounts are as fol- 
lows: 
I, Right-of-way: 
Purchase cost. 
Costs in lieu of purchase. 
Damages. 
Expenses. 
Right-of-way fence costs. 
Right-of-way marker costs. 
2, Preliminary engineering: 
Salaries. 
Expenses. 
Equipment rentals for field parties on 
reconnaissance. 


Materials investigations. 

Foundation tests. . 

Office engineering in connection with 
field surveys. 

Plans and estimate preparations. 

Supplies for field parties. 

3. Construction engineering: 

Salaries. 

Expenses. 

Supplies. 

Equipment rentals for field engineer- 
ing. 

Inspection costs. 

Office engineering expenses. 

Materials testing and inspection. 

Preparation of final reports. 

Project and station markers. 

4. Roadway drainage and grading: 

Clearing and grubbing. 

Excavation of earth and rock. 

Fine grading and excavation of sub- 
grade. 

Overhaul. 

Borrow. 

Back sloping and finishing earth shoul- 
ders. 

Purchase cost of earth fill for roadway 
when title to land remains with 
seller. 

Grading for approaches and driveway 
entrances. 

Widening of shoulders, fills, and grade 
line changes. 

Moving buildings, structures, and 
fences when not a right-of-way con- 
sideration. 

Selection of material for subgrade. 

Frost boil prevention work. 

Rolling and compacting fills. 

Shoulder lift when required by resur- 
facing roadway. 

Fills for bridge and overpass ap- 
proaches. 

Open drainage ditches. 

Channel changes. 

Tile and other subdrains, except be- 
neath roadway surfaces. 

Dikes and levees. 

5, Drainage and earthwork 
structures: 

Culverts of 20-foot span or less. 

Farm entrance culverts. 

Flumes and wash checks. 

Storm sewers. 

Retaining walls. 

Riprap and revetments. 


protective 


8. Bridges, 


Jetties, cribbing, and rock fills. 

Slope walls. 

Cattle passes and cattle guards. 

Slope drains, catch basins, and man- 
holes. 

Gutters when not integral with road- 
way surface. 


6. Roadway surface and base: 


All materials used for subgrade treat- 
ment, and for base or roadway sur- 
face. 

All materials used for curb and gut- 
ters when integral with surface and 
base. 

Additions of bituminous seal coats, 
surface treatments, mats, or retreads 
which add % inch or more in thick- 
ness in one operation. 


7. Improved shoulders and approach sur- 


facing: 

Surfacing of shoulders, side ap- 
proaches, and turnouts where type of 
material used is superior to adjacent 
roadside and inferior to roadway 
surface. 

viaducts, grade 
structures, and tunnels: 

Structures over 20-foot span. 

Excavation for above. 

Excavation for approach structures 
(earth fill approaches included under 
roadway). 

Concrete, steel, and wood structural 
work. 

Protective structures of riprap. 

Breakwaters, cribbing, retaining walls, 
and pier protection. 

Roadway paving and sidewalks when 
integral with structure. 


separation 


9. Traffic and pedestrian service, and mis- 


cellaneous facilities: 

Guard fences. 

Guide posts. 

Permanent snow fences (structures or 
plantings). 

Route and direction markers. 

Signs. 

Safety and signal devices. 

Railroad crossing signals. 

Highway lighting. 

Pedestrian underpasses and overheads. 

_ Sidewalks. 

Permanent traffic lane stripes. 

19. Roadside development: 

Initial seeding, sodding, and planting 
of shoulders, back slopes, and road- 
side for the purpose of landscape 
and for protection of earthwork. 

Bridle paths. 

Roadside parks. 

Pienic grounds. 

Shelter houses. 

Diversion ditches 
plantings. 

Costs of adjustment of utility and other 
property, and detour expense during con- 
struction, where these items are carried 
separately in the contract pay items or 
where the work is done by day labor, may 
be classified separately if the State so de- 
sires, or they may be allocated to whichever 


for protection of 
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of the construction cost classifications they 
are applicable. 

Reporting total construction costs of a 
completed project or addition and better- 
ment job by these construction classifica- 
tions will necessarily require a recapitula- 
tion of the items in each contract. This 
can be most satisfactorily accomplished by 
requiring that preliminary estimates, con- 
tractor’s estimates, final vouchers, etc., 
show the groupings of the individual items 
into major classifications. 


Maintenance Cost Accounts 


The following maintenance cost accounts, 
recommended by the Subcommittee on Uni- 
form Accounting, are in operation in the 
majority of the State highway departments: 
1, Routine roadway surface operations: 

Patching holes and rough spots. 

Patching ruts and blow-ups. 

Repair of raveled edges. 

Sanding bleeding spots. 

Spot sealing. 

Temporary traffic ways. 

Dragging. 

Blading. 

Reshaping. 

Searifying. 

Cleaning and raking. 

Picking up oversize rock. 

Filling and trimming expansion joints 
and cracks. 

Special roadway surface operations: 

Application of dust palliatives when 
done annually or when the applica- 
tion does not result in a permanent 
improvement. 

Replacement of sand, sand-gravel, 
gravel, crushed stone, etc., on the 
same or a similar type of surface. 

Reprocessing or reconditioning bitumi- 
nous surfaces or shoulders when 
little or no new materials are added. 

Bituminous surface treatment. 

Seal coating, when applied later than 
the following construction season. 

Light road-mixing operations. 

Major patching by special crews. 

Mud-jacking. 

Protection and handling of traffic dur- 
ing above operations. 

Addition of mats or retreads less than 
%4-inch thickness. 

3. Shoulders and side approaches: 
Patching. 
Dragging. 
Blading. 
Filling ruts. 
Replacing washouts. 
Reseeding or resodding, including 
original seeding on old work. 
Ribbon bituminous treatment (without 
excavation). 
Second or subsequent bituminous treat- 
ment. 
Replacement of gravel or stone. 
}. Roadside and drainage: 
Repairing cuts, fills, slopes, and wash- 
outs. 
Removal of minor slides. 


D) 
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en down into objects of expenditure. 


Cleaning or retrenching drains, chan- 
nels, and culverts. 

Maintaining drainage structures (20 
feet or less). 

Removal and burning of weeds. 

Remoyal of debris. 

Planting or removal and trimming of 
trees. 

Brush removal. 

Planting or removal of shrubs. 

Seeding and sodding to prevent erosion, 

Care and replacement of special road- 
side development projects. 

Repair and maintenance of sidewalks, 
dikes, riprap, retaining walls, pump- 
ing stations, slope pavement, right- 
of-way fences. 

5. Traffic services: 

Repair, repainting, and resetting of 
direction markers, route markers, 
signals, and gates, and the other 
safety devices. 

Magnetic dragging to remove iron. 

Traffic lane and guide line painting. 

Repair and repainting of guard rails. 

Highway lighting. 

Electricity for the operation of signals. 

Operation of comfort stations and pic- 
nic grounds. 

Detours not chargeable to construction 
or other maintenance operations. 

6. Snow, ice, and sand control: 

Erection and removal of snow fence. 

Removal of snow and ice. 

Sanding icy surfaces. 

Snow and ice removal to open water- 
ways. 

Removal of sand drifts. 

Structures (more than 20 feet in 
length) : 

Repair, maintenance, and operation of: 

Bridges. 

Tunnels. 

Subways. 

Overhead grade separations. 

Other structures. 

Operating expense of ferries. 

8. Hextraordinary maintenance: 

Special repairs and maintenance due to 
flood, storm, fire, major landslides or 
other catastrophe on: 

Roadway surface. 

Roadbed. 

Shoulders. 

Roadside. 

Drainage facilities. 

Safety devices. 

Structures. 

Handling and protecting traffic during 
emergency. 

Maintenance general expense: ° 

Prorata of district office and/or head- 
quarters office expense chargeable to 
maintenance. 

Field maintenance supervision. 

Purchase and repair of small tools. 

Rental charges on inactive equipment. 


Ss 


Maintenance costs should be further brok- 
The 


6 Suspense account, prorated to other cost items 
during or at the end of the accounting period. 
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following objects of expenditure are § Ds 
gested by the Subcommittee on Uniform |h te 
counting: (1) Material]s, supplies, and s¥ oper 
ices; (2) salaries and wages; and qt 
equipment operation. A further breakds i. 
of these objects will depend on the requ; 
ments or desires of each State high; glera 


department. sonnet 


sect 
acti 
of th 
Bel-aid 


Problems Encountered 


The establishment of control sections 
the adoption of uniform cost accoun 
procedures have posed many problems a 
the States. There are no standard guile 
to follow in solving these problems; % pina 
far they have been handled individuallig™' 
each State. However, so that the cos ‘a 
formation from States that have adoj et 
uniform accounting and cost keeping + i sy 
cedures will be on a uniform basis, st shed 
should be given to the solution of thf st 
problems, and recommendations prepi jer 
for consideration and adoption. Soni 
the problems that have been encounti@)*" 
are detailed in the following paragraph) hav 

Equipment rental rates.—It is esserigiih 
that the States which adopt control secti 
and uniform accounting have equipn|g" 
rental rates so that proper charges carl the 
made to the control sections on which wees 
by State forces is performed. In ‘sh 
States rates are already established an/ 
operation while in others it is necessm 
that they be computed. These rental rj} 
usually include depreciation, repairs, 
oil, storage, shop overhead, and insura 
The application of the rates varies 
State to State. Some include the. tr) 
time of the equipment to and from the 
while others charge only the actual 
the equipment is in operation at the job § 

Travel time.—When labor is paid for ti 
to and from the job and travel time dux 
the day between jobs, the problem ar 
as to the proper procedure for charging 
this travel time. Whether the et 
should be made on a daily basis to con®) 
sections on which work was performed 
held in suspense and distributed om 
monthly basis must be determined. If 
charges are made directly to control } 
tions, those which are the greater diste} 
from the garage or district office are 
nalized by excessive travel time. 

Sign and marker costs —Some State h) 
way departments manufacture their 
road signs and markers. Costs are 
in a suspense account and distributed 
the basis of the number of signs — 
markers used in each control section. 
other States the costs of the signs 
markers are determined by the previ 
year’s costs and the overruns or under 
(over or under a specified percentage) | 
corrected at the end of the year. 

Labor, equipment, and materials char 
—The reliability of the distribution of mi 
tenance cost data in large measure depef 
upon the accuracy with which labor, equ 
ment, and materials are charged by | 
foremen or timekeepers to indivi 
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of road. Constant check-ups accom- 
ed by simplification of burdensome or 
jlicated cost keeping procedures should 
Picorporated as part of the administra- 
control exercised over maintenance 
ations. 


ederal-aid Route Renumbering 


connection with the establishment of 
rol sections in recent years it has been 
practice of most States to avail them- 
ss of the opportunity to renumber the 
@eral-aid routes and redesignate the 
aperal-aid projects. When adapting the 
(g@Beral-aid procedures to a control section 
‘Bip in a particular State, it is desirable 
@ such changes as are necessary be ac- 
@olished with the minimum number of 
stments. The expansion of the Fed- 
@-aid systems in the past has been ac- 
plished by chronologically numbering 
Hes as they were added, with the result 
#@ there is no logical pattern of number- 


‘ju 9 overcome this deficiency, many of the 
mies have employed a numbering proce- 
wi} which gives the approximate geograph- 
yg location of a route within a State. In 
i procedure, continuous routes within or 
#§iss the State are selected in accordance 
i present-day traffic patterns. They are 
1 numbered from south to north and 
af west to east; with sufficient numbers 
“hig skipped to provide for expansions, as 
18S are added or modified, without losing 
‘@ initial advantage of the geographical 
a ngement. 

34 oute numbers 1 to 9 are usually re- 
red for the interstate system, 10 to 99 
‘the Federal-aid primary system, and 
, to 9,999 for the Federal-aid secondary 
em. This system of numbering, where 
“number of digits identifies the road 
jem, will not be adequate for those 
tes where the Federal-aid primary sys- 
/} routes are in excess of 99. 


! ‘ederal-aid Project Redesignation 


j ‘he Federal-aid highway system in the 
Jjority of States is composed of numerous 
rt Federal-aid projects for which the 
ject number does not indicate system or 
‘te identification. When redesignating 
: 'Federal-aid projects, the old Federal- 
‘projects are handled as complete units 
order to preserve the integrity of the 
Hleral-aid records that have accumulated 
ine the past 30 years. To accomplish 
$ objective, the Federal-aid system is 
ided into new Federal-aid route sections, 
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SCALE OF MILES 


Figure 6.—Route sections and control sections on a portion of Maine Federal-aid route 1. 


varying in length up to 100 miles, which 
embrace one or more complete old Federal- 
aid projects. Federal-aid route sections 
are numbered from west to east for routes 
originating in the west and from south to 
north for routes originating in the south. 
Projects are numbered with the digits pre- 
ceding the dash representing the route 
number and the digit following the dash 
representing the route section number. For 
example, the first improvement on route 1, 
route section 1 would be designated as 
1-1(1) in which the number within paren- 
theses represents the project agreement 
number. 

For the Federal-aid secondary system, 
the routes are not divided into sections and 
the entire route becomes the project. For 
example, the first improvement on route 
100 would be 100(1) in which the number 


within parentheses represents the project 
agreement number. 

Figure 6 shows a section of Federal-aid 
route 1 in Maine that has been renumbered 
to conform with the new numbering pro- 
cedure, divided into route sections (new 
Federal-aid projects) which contain a num- 
ber of old Federal-aid projects in their en- 
tirety, and broken down into control sections 
for record keeping purposes. 

Federal-aid route 1 is not to be confused 
with US or State route 1. Federal-aid 
routé numbering and U § or State route 
numbering are not necessarily colinear. 
For example, in figure 6, the portion of 
Federal-aid route 1 south of Brunswick is 
U S 1, from Brunswick to Winslow is U S 
201, from Winslow to Newport is State 
routes 11 and 100, and from Newport to 
Bangorats)UnSr2: 
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Design Problems in the Use of Local { 
Aééregates for Bituminous Surface 


BY THE PHYSICAL RESEARCH BRANCH 


BUREAU OF PUBLIC ROADS 
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Local aggregates often have to be used in constructing hot-mix bituminous 
road surfaces, sometimes in areas of severe or unusual climate. If the aggregates 
are substandard in quality or gradation, special design problems are involved 


which must be given careful attention. 


of this nature. 


This article describes several studies 


Three points of timely interest relating to design are emphasized in these 
studies. First, the effectiveness of chemical additives in preventing water dam- 


age to hot asphalt mixtures has not been clearly established. 


Second, while 


crushing of rounded or weathered aggregates may increase resistance of the 
mixture to displacement in a dry condition, it may at the same time reduce the 


mixture’s resistance to water action. 


Third, the behavior of mixiures containing 


both clay and limestone is unpredictable when subjected to water action. 


ITUMINOUS road surfaces of the hot- 

mix type must often be constructed in 
areas where the use of local aggregates 
is imperative. In many cases, these local 
aggregates fail to meet recognized stand- 
ards with respect either to quality or to 
gradation. Their successful use in bitu- 
minous mixtures, therefore, requires the 
solution of special design problems. These 
problems may be complicated when bitu- 
minous surfaces are to be built in regions 
where severe or unusual climatic conditions 
prevail. 

It is the purpose of this report to de- 
seribe briefly several examples of design 
studies of this nature. These examples 
illustrate some of the special considerations 
that must be taken into account when the 
contemplated construction involves the use 
of local aggregates having unusual proper- 
ties, or when the bituminous roadway will 
be subjected to severe weather conditions. 
It is believed that a discussion of these 
studies will be of general interest to those 
who may encounter similar problems. 

The data presented in this paper were 
abstracted from unpublished reports of lab- 
oratory studies of bituminous mixtures in 
which the use of local aggregates was an 
important factor. Each study was selected 
for inclusion by reason of some distin- 
guishing feature requiring special consid- 
eration in design. Each also represents an 


1 Paper presented at the 1949 annual meeting of the 
Association of Asphalt Paving Technologists. 
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area of differing climatic condition—south- 
ern Alaska, northern Alaska, and one of 
the Gulf States. 

The first Alaska study was featured by 
the hydrophilic properties of most of the 
aggregates and the importance of this prop- 
erty in a region of heavy rainfall. Features 
of the second Alaska study were the un- 
stable character of the natural aggregate 
and the severe weather conditions. The 
principal feature of the Gulf State study 
was the necessity to choose between using 
local aggregate in a relatively low cost sand- 
asphalt surface and using imported agegre- 
gate in a more expensive bituminous con- 
crete. 


Observations of Interest 


The test results obtained in these studies 
either developed or emphasized three points 
relating to design that are of timely inter- 
est. First, the effectiveness of chemicals 
added to asphalt in preventing water dam- 
age to hot mixtures has not been clearly 
established. Second, although crushing of 
round and weathered particles of aggregate 
increases resistance of the mixture to dis- 
placement in a dry condition, it may have 
the effect of reducing the resistance of the 
mixture to water action, due to changes in 
surface characteristics of the particles 
other than angularity. Third, the behavior 
of mixtures containing both clay and lime- 
stone, when subjected to water action, is 
unpredictable. The behavior appears to be 


? first 
ay Th 































and limestone involved. 

In abridging the studies for inclus) 
in this report, it was thought desirablet, 
present only those phases of design that} 
sumed importance owing to singularities| 
the local conditions. For this reason j,; 
studies as presented should not be cong 
ered as being patterns of general des 
procedure. It is believed, however, that. 
information developed will be found 
value in dealing with similar problems 
countered in designing bituminous mixtut 
around the use of other local aggrega’ 


Study 1—SOUTHERN ALASKA 


In this study, investigating local agit 
gates from a number of sources in south 
Alaska, it was desired to obtain informat) 
relating to the use of these aggregates} 
bituminous mixtures, with particular H 


In case mixtures containing these a £@ 
gates were found to be unsatisfactory: 
this respect, it was desired to determi! 
whether improvement could be made 
using asphalt treated with a chemical 
ditive. This aspect of design was of 
sential importance because of the extrem 
wet climate of the region, the annual r 
fall being about 90 inches. 

Although aggregates from 13 sour 
were included in the study, information} 
only one will be described here, in the 
terest of brevity. The methods used 
testing this particular aggregate will se 
as an example of the general procedu} 
used with all the materials in the stuy 


interest. ; 

Petrographic analysis showed this 1 
terial to consist of rounded and subangu) 
schist, granite, gneiss, quartz, and gra 
diorite. Its apparent specific gravity V 
2.74. Prior to preparing bituminous 1 
tures, the aggregate was separated 
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Table 1.—Gradation of aggregate, study 1 






Material as 
used 


Material as 
received 









Passing sieve size— 









Percent Percent 































ch sieve and the oversize material re- 
d. The gradings of the sample as re- 
d in the laboratory and of the material 
— ed in the mixtures are shown in table 1. 
“Tiree groups of mixtures were then pre- 
Enghi, using 85-100 penetration asphalt. 
fi first group contained untreated as- 
;. The others contained asphalt treated 
a chemical additive in the proportion 
and 2 percent by weight of the asphalt. 
ll these mixtures 4.5 parts of bitumen 
)0 parts of aggregate, by weight, were 
Cylindrical specimens 4 inches in 
eter and 4 inches high were molded 
“each mixture, and immersion-compres- 
fj tests made. The procedure used in 
Paring the mixtures and testing the 
®imens was that described in PUBLIC 
‘ls in 1948%. The test results are shown 
tble 2 (mixtures 1-3). 


S Of 


' Results of Tests 


ae results of tests on the three groups 
#iixtures showed compressive strengths 
the dry specimens that, while not high, 
wild be considered adequate. Tests on 
Wspecimens after immersion showed that 

mixture containing untreated asphalt 
2 damaged considerably in the soak- 
‘process. Although the stability-reten- 
values of the mixtures containing 
ted asphalt were higher than those con- 
ng untreated asphalt, the results 
ved that the additive in either propor- 
used was not highly effective in pre- 
ng damage by water action. It there- 
eemed desirable to determine whether 
ot resistance to the action of water 


aS 


Blurther developments and _ application of the 
e! sion-compression test, by J. T. Pauls and J. F. 
. Puptic Roaps. vol. 25, No. 6, December 1948. 





Parts additive 
to 100 parts 


Parts bitumen 
to 100 parts 


could be improved by means other than 
treating the asphalt. 

Former work had indicated that the sta- 
bility-retention of mixtures may often be 
improved by incorporating a hydrophobic 
filler. Accordingly, another mixture was 
prepared using untreated asphalt. In the 
prior untreated-asphalt mixture the only 
filler had been the 1 percent of natural dust. 
In the second mixture (No. 4 in table 2) 
limestone dust was added to the aggregate 
in an amount sufficient to produce a com- 
bined aggregate having 6 percent passing 
the No. 200 sieve. This increase in filler 
permitted the use of 5 percent asphalt. In 
preparing the mixture for the last specimen 
of the usual set of six, 0.5 percent hydrated 
lime was added to the batch after the as- 
phalt had been added. Immersion-compres- 
sion tests were then made on these speci- 
mens, with the results also shown in table 2 
(mixtures 4 and 4A). 

Comparing the results of the limestone- 
dust mixture (No. 4) with those of the 
corresponding mixture (No. 1) containing 
the small amount of natural dust, the im- 
provement due to the addition of the lime- 
stone dust was striking, with respect both 
to the compressive strength of the dry 
specimens and to the retained strength after 
immersion. Also, although the test value 
obtained on only one specimen cannot be 
considered as more than indicative, the 
considerably higher compressive strength 
after immersion of the single specimen con- 
taining lime hydrate, as compared with the 
average of two corresponding specimens 


that did not contain this material, sug- . 


cested that mixtures containing this ag- 
gregate would be substantially improved by 


Characteristics of specimens, as molded ! 


incorporating hydrated lime in the propor- 
tion used in the test mixture. 


Conclusions Drawn 


The test results led to the following con- 
clusions as they apply to the one aggregate 
discussed here: ¥ 

1. Tests on the dry mixtures showed 
compressive strengths that would be con- 
sidered adequate for the expected traffic. 

2. Immersion-compression tests showed 
that mixtures containing this aggregate 
would require some kind of special treat- 
ment if they were to be used successfully 
under unfavorable moisture conditions. 

3. The one additive used in these tests 
was not highly effective in preventing dam- 
age due to water action. Some additives 
appear to be more effective than others when 
used with certain aggregates, and it is 
possible that additives other than the one 
used in these tests might be more satis- 
factory with this aggregate. Also, it has 
not been clearly determined whether or not 
the effect of chemical additives is changed 
by the elevated temperatures required in 
preparing hot mixtures. It may be that 
these temperatures alter the properties of 
the additive and so reduce its effectiveness. 

4. Resistance to tke action of water of 
bituminous mixtures containing this aggre- 
gate could be improved by adding limestone 
dust as a filler. The addition of small pro- 
portions of hydrated lime might also be 
very effective. 


Study 2.—NORTHERN ALASKA 


This study concerned the design of a bitu- 
minous mixture for pavement construction 
in northern Alaska, in a region having much 
more severe weather conditions than the 
area involved in the Alaska job in study 1. 
The air temperature exceeds 32° F. for a 
very short period in summer only, and sel- 
dom exceeds 60° F. The entire area was 
overlaid to a considerable depth with coarse 
sand and fine gravel. At all times other 
than during the short summer season, this 
material was icebound, and surface sta- 
bility was not a problem. During the brief 
warm period, however, the sand and fine 
gravel were loose and unstable to such a 
depth as to require some form of surface 
stabilization. 


Table 2.—Results of immersion-com pression tests, study I 


Characteristics of specimens after 4 days immersion at 120° F.' 














‘Mixture contained 5 percent added limestone dust. 
Average value for two specimens. 
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1 Except as noted, values are the average for three specimens. | ; 
Retained strength = (compressive strength ofimmersed specimens ~ compre 


Same as mixture 4, except that 0.5 percent hydrated lime was added following addition of the bitumen. 
*Pased on compressive strength of mixture 4 as molded. 


ssive strength of dry specimens) X 100. 


Mixture No. ; . 
: aggregate, by asphalt, by . : 2 C ssi . z Compressive Retained 
weight weight Specific gravity Air voids strength, 17° F. Absorption Volume increase eeencte 77° strength? 
ek cot Vy * Pereent Lb./sq. in. Percent Percent Lb./sq. in. Percent 
E 0 221 ie t 165 §.2 i bad 94 57 
48 1 2.22 13.8 180 5.5 1.7 120 67 
4.5 2 2.22 13.3 174 5.7 1.7 124 71 
3 5.0 0 2.30 9.4 238 ‘2.4 64.7 “197 83 
A 5.0 0 62.31 SE ee a ee er 2.2 1.2 + 238 © 100 


Only one specimen was molded, due to insufficient material. 
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Table 3.—Gradation of aggregate, study 2 


Material after 





: * * Original 
Passing sieve size— . crushing and 
material sosshibiehe 
Percent Percent 
WE-INCLN. Ao ore 100 100 
ING, hs tees ean oleae 87 98 
No. 8 38 68 
INO, 10'S. Beye eee: 30 56 
INO. ZO sure Me cena 9 20 
GAS - geese ne at 7 14 
N65 40 Oo eae 5 11 
ING: 50 eee 4 7 
ING, 8 Oie.50 i ine Seren 1o2 3.4 
Nos 100: Sc, reo oe .8 20 
No. 200 shake ae ee: 6 1.6 





The aggregate consisted of predominately 
subangular fragments of dark, fine-grained 
voleanic rock, rhyolite and andesite, quartz 
and some quartzite. Its apparent specific 
gravity was 2.65, and absorption 0.9 per- 
cent. Stripping tests were made on the 
36-inch to No. 4 sieve fraction of the aggre- 
gate, using both the Nicholson and static 
immersion methods. Two grades of asphalt 
were used: 85-100 penetration, and 200-300 
penetration. Results of both test methods 
with both grades of asphalt showed 100- 
percent retention of bituminous coating. 
The gradation of the natural aggregate is 
shown in the second column of table 3. 

In order to determine its compactibility, 
vibratory compaction tests of the aggregate 
were made. To investigate the possibility 
of improving density by altering the grada- 
tion, three samples were prepared for test. 
One sample consisted of the natural agere- 
gate. In the second sample the percentage 
of material passing the No. 10 sieve was 
increased to 40 percent by sieving and re- 
combining. In the third sample, only ma- 
terial passing the No. 10 sieve was used. 
The vibratory density test results of the 
three materials showed air voids of 26.6 
percent in the material of unaltered grada- 
tion, 25.4 percent in the material containing 
40 percent passing No. 10 sieve, and 25.4 


percent in the material all passing No. 10 
sieve. 


Trial Mixtures 


A limited number of trial mixtures of 
asphalt and aggregate were then prepared. 
The objectives of the preliminary work 
were, first, the selection of an appropriate 
grade and proportion of asphalt, and second, 
some indication of the stability to be ex- 
pected from mixtures containing the natu- 
ral aggregate and from mixtures containing 
aggregate altered by manipulating the 
gradation or by other means. 

In consideration of the severe moisture 
and temperature conditions at the job site, 
the use of a penetration grade asphalt 
seemed desirable. Moreover, since the natu- 
ral aggregate was lacking in mechanical 
stability due to smoothness and roundness 
of the particles, it was decided to include 
in the trial mixtures a 40-50 penetration 
asphalt as well as an 85-100 asphalt. Four 
aggregate combinations were used in the 
trial mixtures: (1) the natural aggregate, 
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(2) aggregate prepared from the native 
material by sieving and recombining so that 
40 percent passed the No. 10 sieve, (3) 
aggregate prepared from the native ma- 
terial by sieving so that 50 percent passed 
the No. 10 sieve, and (4) aggregate pre- 
pared by crushing the 62 percent naturally 
retained on the No. 8 sieve and recombining 
the product of the crusher with 38 percent 
originally passing the No. 8 sieve. Crush- 
ing the larger size fractions, of course, re- 
sulted in marked alteration of particle 
shape. The change in gradation is shown 
in the third column of table 3. 

Cylindrical test specimens, 4 inches in 
diameter and 4 inches high, were molded 
from the trial mixtures and tested in com- 
pression at two temperatures: 60° F. and 
77° F. The former temperature was se- 
lected by reason of its being the normal 
maximum air temperature at the job site, 
and the latter was used in order to cor- 
relate the test values in this study with 
those obtained in other work. 

To conserve material, the 85-100 penetra- 
tion asphalt specimens, after having been 
tested at 77° F., were reheated and remolded 
for testing at 60° F. The specimens con- 
taining 40-50 penetration asphalt were first 
tested at 60° F.. then reheated, remolded, 
and tested at 77° F. Although the strength 
of recompressed specimens is usually higher 
than that of original ones, sufficiently clear 


Table 4.—Results of tests on preliminary specimens, study 2 

























be 
He 
58 
i t] 
¢ | 
bil 


indications of the effect of the variable 
the preliminary work were shown in 
test results, which are given in table 

The results of these preliminary 4 
led to the following observations: 

1. Specimens containing 85-100 p 
tration asphalt and the natural aggre 
produced compressive strengths at ei 
test temperature that would be consid 
inadequate for the purpose intended. 

2. Use of 40-50 penetration asphalt » 
natural aggregate produced consider 
higher stability than was obtained with 
100 asphalt. 

3. Alteration of aggregate gradatio) 
separation and recombination failed to | 
vide sufficient stability. 

4, Alteration of aggregate gradation| 
particle shape by crushing resulted in | 
nounced improvement in stability. | 


Final Mixture Types 


Based on the results of the prelimi) 
tests three types of mixtures were prepa} 
One was composed of the natural aggre 
and 5 percent asphalt; the second was < 
posed of aggregate altered by crushing | 
recombining, and 5 percent asphalt; 
the third was composed of the crushed | 
recombined aggregate and 6 percent asp) 
The grade of asphalt used in these 
tures was 40-50 penetration. Prior to 


Compressive strength 












tye . Proportion Se 
Composition of specimen of asphalt 
at 60° F. . at 17° Be 
Percent Ps2 P.s.i. 
Group 1: with 88 penetration asphalt and— 
Natural aggregateca son Sok Ce ee eee eee 3 126 
DOC ae heb sae cope ee So ee CL ee 4 126 
DO Hite SER ik CERES, ER ey PN TEE CL Cn ee ee 5 120 
Altered aggregate, 40 percent passing Now 10 Sieve meee 2 canteen 4 138 
Altered aggregate, 50 percent passing No. 10 sieve............... 4 137 
Group 2: with 47 penetration asphalt and— 
Natural aggregate... (i. ite, 3 et Se ee ee ; 4 205 
Pe Pe PRS IG a Frc: bacon k ce rg doe hee 4% 236 
yak FIG EO ee ology) ee eee Sa Sia ee Eee OA ont oat en 0 249 
A ae aggregate, with 62 percent crushed seprerate rs aide seit 5 302 






' In group 1, the tests at 77° F. were made first, and the specimens were then reheated and remolded for testing a 
F. In group 2, the tests at 60° F. were made first, and the specimens were then reheated and remolded for testing at 7 


Table 5.—Final tests on specimens containing local aggregate 
and 40-50 penetration asphalt, study 2 


After 7 days immer- | After 7 cycles of freez- | Compressive strength 








sion at 77° F ing and thawing at— 2 
- a ; ve aes __| Retain¢ 
Composition of specimens stabili 
Absorp- at ° 2 ; 
Hon Swell Hon Swell 60° F. ob ee 
Percent Percent Percent Percent P.84 Pisa Perce 
Natural aggregate, with AL (2) 191 94 
5 percent asphalt. } 5.2 1G ie Ramee Ay i RL TR Gey (ei es os ee 
te . 4.9 el, teen Ee 2 
Aggregate altered by crushing, \ (?) (Aye one, eee ek ee, 230 122 |. ... am 
with 5 percent asphalt. . 7.3 0}. otetas, Salers ieee tes eee a 
5 Wise <x eka : 6.4 el ER Tae oe 1 é 
Aggregate altered by dereags + eats) (FP) dally sntcn andednics boat ace 295 155. |. oe 
with 6 percent asphalt. . ) or’ el eo eee ee ee) Meee ET 121 
me ; 6.0 lr 1ATE ASS ae 129 


' Retained stability = (compressive strength of specimens after conditioning at 77° F. + compressive strength of 
specimens at 77° F.) x 100. 4 
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the aggregate was heated to 320° F. 
d the asphalt to 300° F. Mixing was 
in a kitchen-type mixer. The tempera- 
‘e of the mixtures at molding was 225° 
‘The molding load was 3,000 pounds per 
gare inch, held for 2 minutes. Hight 
imens of each mixture were prepared. 
these, four were tested in compression at 
°F. and 77° F. without treatment other 
an overnight storage at laboratory tem- 
rature. The other four specimens were 
“iced in a vacuum bath to accelerate satu- 
tion of the specimens by water. The 
ecimens were covered with water and 
"cuum applied for 20 minutes, the degree 
yacuum used being 27 inches of mercury. 
lowing this operation, two of the speci- 
ms were placed in a water bath at 77° F. 
");7 days. The other two specimens were 
bjected to seven freezing and thawing 
cles, each cycle consisting of 4 hours ex- 
sure to a temperature of —10° F. and 20 
i) urs immersion in water at 77° F. These 
Jecimens were also tested for compressive 
i ength at 77° F. Prior to testing, meas- 
ements were made of the volume change 
; d absorption of the specimens that had 
en subjected to immersion and to freezing 
_ thawing. Results of the principal 
ries of tests are shown in table 5, and 
ito the following observations: 
mparing the compressive strengths of 
e two groups of dry specimens containing 
percent asphalt, it is seen that the use 
-erushed aggregate resulted in substantial 
. creases in stability at both test tempera- 
Tes. 
-/ Immersion in water at 77° F. produced 
tle stability reduction in the natural ag- 
‘egate specimens. The somewhat lower 
ability retention noted in corresponding 
ecimens containing crushed aggregate 
‘ight be explained either by the higher 
“wreentage of water absorption or by the 
jssibility that the bitumen coatings on 
es nly crushed particles may be more 
seeptible to water action than those on 
e surface of weathered particles of the 
1e aggregate. Incidentally, since this 
; udy was made, the use of the vacuum bath 
; been propped from the immersion- 
" mpression test procedure because it pro- 
iced high water absorption in mixtures 
iat otherwise were resistant to water per- 
eation. 
= freezing and thawing resulted 
Ee: loss of stability in the natural ag- 















































gate mixture, and the crushed aggregate 
ixture showed slightly lower retention of 
ngth. The stability losses due to im- 
ion and to freezing and thawing were 
ntially the same for both crushed ag- 
egate mixtures. 


Recommendations Made 


These observations led to the following 
commendations for designing a bitumi- 
mixture for the particular conditions 
the job: 

The aggregate should be altered by 
hing the portion retained on the No. 8 


LIC ROADS e Vol. 26, No. 9 


sieve, and recombining the crushed material 
with the portion passing the No. 8 sieve. 

2. A hot mixture should be used. 

3. The asphalt used should be one of 
the lower penetration grades, such as 40-50 
penetration. 

4, The optimum percentage of asphalt 
for density and workability will probably 
fall within a range of 5.5 to 6.5 parts of 
asphalt to 100 parts of aggregate by weight. 
In consideration of prevailing temperature 
and moisture conditions the use of a rich 
mixture within these limits, consistent with 
workability, would be desirable. 


Study 3.—A GULF STATE 


This study for the design of a bituminous 
surfacing for a section of park roadway 
in one of the Gulf States, is presented by 
way of contrast to the other two studies, 
where special considerations were required 
because of a short working season, low 
temperatures, high rainfall, and the neces- 
sity to use the aggregate found at hand. 
All the conditions were different in the 
parkway design problem. The climate is 
mild, the working season long, rainfall is 
moderate, and a choice was possible between 
local aggregates and commercially produced 
aggregates. The problem was to determine 
whether or not a satisfactory sand-asphalt 
surface course could be made, using sand 
from pits near the roadway. If this were 
not possible, it was required to design a 
bituminous concrete mixture containing 
sand and crushed gravel from one of two 


commercial sources. The sand-asphalt type 
would, of course, be much less expensive. 

The sand-asphalt study was limited to 
the use of 85-100 penetration asphalt and 
emulsified asphalt of the mixing type. Use 
of 85-100 penetration asphalt only was 
desired in the design of the bituminous con- 
crete mixtures. 

Sieve analysis, specific gravity and ab- 
sorption determinations, and petrographic 
analysis were made on all the aggregates. 
Results of these tests are given in tables 
6 and 7. Results of tests to determine the 
clay content and plastic properties of the 
three pit sands, S-4, S-5, S-6, are shown in 
table 8. It was apparent from visual ex- 
amination that the sands from the com- 
mercial sources were free from clay. 

Two of the local sands, S-4 and S-5, were 
from different parts of the same pit, and 
in order to determine the advantage of 
blending them, vibratory density tests were 
made on several combinations with the re- 
sults shown in table 9. 


Sand-Asphalt Mixtures 


Sand-asphalt mixtures were prepared for 
Hubbard-Field stability and immersion- 
compression tests. Since the vibratory 


‘tests failed to show any advantage in blend- 


ing sands S-4 and S-5, only the one that 
showed the higher density, S-5, was in- 
cluded in these mixtures. The test charac- 
teristics of the two bituminous materials 
used follow. 


Table 6.—Results of petrographic analysis and specific gravity 


and absorption determinations, study 3 





Field | Apparent 





Kind of material specific Absorption Petrographic analysis 
sample No. gravity 
Percent 
Commercial sand...... S-1 2.66 0.7 | Quartz and chert. 
guarentee Ae tietages S-3 2.66 .3 | Angular and subangular fragments of quartz 
with some chert and sandstone. 
Pit:sand\aanitaahe acer S-4 2.66 1.4 | Angular fragments of quartz. 
Osetra as sti ee one S-5 2.65 1.6 | Angular fragments of quartz, with some 
feldspar. 
Bee Ee RRO S-6 2.66 yaaa A Do. 
Commercial gravel G-1 2.61 3.2 | Chert with some quartz. 
Dok. atuetten sade s G-2 PASS 3.7 | Chert with some quartz and sandstone. 
DOR ere eet G-5 2.62 2.5 | Angular and subangular fragments of chert 
with some quartz. 
DOs. oe oe he ee G-6 2.63 2.7 | Angular and subangular fragments of chert 


and quartz. 


Table 7.—Gradation of aggregate, study 3 


nnn nn nen ee edt tdttESEEEEEESSStStssSSSSSa 








ore Pit sand Commercial gravel 
Percentage of material See 2 " : Es 
passing sieve size— = 
S-1 $-3 S-4 S-5 S-6 G-1 G-2 G-5 G-6 
. 100 100 
1% ae : ou 7 oe 
oe 82 10¢ 83 

















55 99 44 
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Table 8.—Clay content and plastic properties of pit sands, study 3 


Hydrometer analysis of material passing No. 10 sieve 


Physical constants of material 
passing No. 40 sieve 





Sample No. 


Sand Silt 


Clay Liquid limit Plasticity index 





Percent Percent 





92 
86 
86 


1NP = not plastic. 


Table 9.—Results of vibratory density tests 
on blends of local sands, study 3 


Composition of blend 





Solids after 











vibration 
Sand S-4 Sand S-5 
Percent Percent Percent 
100 0 66.7 
80 20 67.4 
60 40 67.8 
40 60 68.4 
20 | 30 69.4 
0 | 160 69.3 
Emulsified asphalt: 
SPCC Sravity, TTL THs sce fhe ae. 1.013 


Viscosity, Saybolt Furol, 77° F...... 126 
Demulsibility, 50 ml. 0.1 N. CaCl. 

BolublG, SHercents wisdions shee UR ee 0 
Sieve test, percent retained......... 0 
Settlement test, percent (creaming) 

OLN CLORCE wey cm ot. ater. ae —0.8 
BLonescoatine’ Leste 8 wins ee ote Pass 
Mixineoutest..percent: +... 0-8». Broken 1.0 
Dehydration test, loss, percent..... 80.5 
VITSCLOLELGV MNES Ls Gach .¢ Cais oft ies bane Pass 
Distillation test, residue, percent.. 62 
Test on residue: 

Penetration, 77° F., 100 gm, 5 sec. 186 


Ducetility, 77° 
Total bitumen 
percent 


Hee ce ete ae fe, 
(soluble in CS8,), 





Percent 


% 
11 
10 


Organic matter insoluble, percent. 1.08 
Inorganic matter insoluble, per- 

CONEY. ae stows Goh Wiens Urea Cake 0.90 
Ash by ignition, percent......... LetZ 
SPACIIC VOTAVIEV <7 1 7 Cle Biman - 1.018 

85-100 penetration asphalt: 

Specific erayity,:7 6 ig 1s Leauene vie eis oes 1.027 
Elash, point, °“lrstaee:. 2 aoe. aoe ies 520 
Softening. point ember seme reais 115.2 
Penetration, 77° F., 100 gm., 5 sec.. 93 
Duetility+772. Bs. 5 cm l/min cms... 180 
Loss, 163° C., 5 hours, percent... .. 0.12 
Penetration of residue............ 85 
Potala prtametio (| CSo)eyeree ee een 99.99 
Organic matter insoluble, percent... 0.01 
Oliensiss test kine hee eee Negative 


In the hot mixtures, two proportions of 
asphalt were used with each of the sands 
S-5 and S-6: 9 and 10 parts of aggregate, 
by weight. In the cold mixtures two pro- 
portions of emulsified asphalt were used 
with each sand: 7 and 9 parts of water- 
free bitumen to 100 parts of air-dry aggre- 
gate, by weight. For each sand and with 
each type and proportion of bituminous ma- 
terial, two types of aggregate were used, 
one consisting of the sand alone and the 
other composed of a combination of sand 
and limestone dust. 

Mixing was done in a kitchen-type mixer. 
For the hot mixtures the mixing tempera- 
tures of aggregate and asphalt were 325° F. 


and 300° F., respectively. For the cold »; 


tures, each batch of aggregate was m¢ 


tened with 38 percent of water priori 
adding the emulsified asphalt, to facili 
dispersion of the emulsion. : 


Two types of test specimens were mol: 
from each batch. Hubbard-Field test sp! 
mens were 2 inches in diameter and 1 i; 
Specimens for the immers} 


in height. 
compression test were 2 inches in diam¢ 
and 2 inches high. Stability test specim 
were made in sets of three, and immers 
compression specimens in sets of six. 
mixture specimens were molded imm| 
ately after mixing. Cold mixtures y 
cured in a loose condition for 18 hours a: 
mixing in a 140° F. oven. The tempi 
ture of hot mixtures at the time of moa 
was 260° F., and that of the cold mixtt 
was 140° F. All specimens were compat 
under a static load of 3,000 pounds 
square inch. They were cured in the :) 
F. oven for 24 hours after molding, a 
which period they were allowed to coat 
room temperature for density and voli 
measurement. 

The Hubbard-Field specimens were tes 
at a temperature of 140° F. The res 
are given in table 10. For the immegg 
compression tests the immersion wi 
temperature was 120° F., and the test 
perature was 77° F. The immersion-¢} 
pression test results of the sand-asp) 
mixtures are also shown in table 10. | 

In general, the Hubbard-Field stabi 
values obtained for mixtures contair; 
sand from either of the two local pits, 
either type of bituminous material, w 
be considered satisfactory. Mixtures ; 
taining either of the sands and the lo) 
proportion of emulsified asphalt appee 
dry, with many poorly-coated particles 
agglomerations. Use of the higher pro) 
tion of emulsified asphalt resulted in } 
proved appearance, although the mixty 


still would be considered to be lean. 


+ 
: 
| 
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Table 10.—Hubbard-Field stability tests and immersion-compression tests on sand-asphalt mixtures, study 3 


Parts 
limestone 
dust to 
100 parts 
sand, by 
weight 


Parts 


to 100 


Composition of specimen parts 


Hubbard-Field stability test 


Immersion-compression test 





bitumen 


Characteristics of 
specimens as molded Hub- 


bard- 


as molded 





aggregate, 
by weight 


Characteristics of specimens 


Characteristics of specimens after 4 days 
immersion at 120° F. 





Field 
stability 


Voids in at 140° F. 


aggregate 


Air voids io base Voids in 
‘ aggregate 


Com- 
pressive 
strength 


Com- 
pressive 
strength 


Ab- 
sorption 


Retaine 


Swell strengtl 





Sand S-5 with 85-100 penetra- 
tion asphalt } 


Sand S-5 with emulsion asphalt 


Sand S-6 with 85-100 penetra- 
tion aspha!t 


Sand S-6 with emulsion asphalt 


Percent Percent Percent Percent 


18. 
ili 
16. 
14. 
ri ER 
Lie 
20. 
16. 
18 
17 
LT. 
15. 
20. 
16. 
13. 
14. 


34. 
34. 
32. 
31 
33 


850 Doe 
870 L Tis 
, 260 16. 
,310 14. 
,340 21 
,470 Wer 
, 340 2%. 
, 620 
nEtO 
, 150 
.350 
, 390 
.200 
,320 
, 300 
.490 


81, 
34. 
32. 
32. 
33. 
32. 
32. 
31. 
34. 
34. 
32. 
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' These specimens cracked and failed after 3 hours immersion. 


* These specimens cracked during the immersion period. 
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Lb. /sq. in. Percent Percent | Lb./sq. in. Percent 
181 
208 
272 
288 
152 
204 
159 
239 
258 
297 
313 
155 
199 
192 
249 
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Observations Made 


‘he immersion-compression tests indi- 
d that sand-asphalt mixtures containing 
i from either pit would be unsatisfactory 
resistance to loss of stability due to the 
ion of water. From the test data, the 
owing observations are of interest: 
Mixtures containing either of the 
ds and the penetration grade asphalt 
wed better resistance to water action 
n those containing the same sand and 
emulsion in corresponding proportions 
bitumen. It is likely that the lower re- 
ance of the emulsion mixtures was due 
ick of complete and uniform coating 
ded by the proportions used. 
With one exception, dry specimens of 
ures containing either of the sands 
the penetration-grade asphalt had 
her compressive strengths than those 
ining the same sand and the emulsion 
responding proportions of bitumen. 
With either sand, mixtures contain- 
imestone dust showed greater stability 
due to immersion than corresponding 
in sand mixtures. No explanation for 
s is clear at this time, although similar 
nomena were observed in early work 
developing the immersion-compression 
_ It may be that certain types of lime- 
ne are more reactive than others when 
abined with certain types of clay. 
| The percentage of air voids was high, 
in the mixtures containing limestone 
and the higher proportion of each 
minous material. The advantage to be 
ned by reducing the air voids by addi- 
nal amounts of asphalt and filler with 
particular sands is extremely doubtful, 
ew of the very low values for retained 
h obtained for all the mixtures in 


design of the alternate bituminous 
rete mixtures presented no special diffi- 
ty. The results of Los Angeles abrasion 
its made on the coarser gravels from 


2 commercial sources (using A.A.S.H.O. 


Ad 


pA 
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designation grading A) showed abrasion 
loss of 15.1 percent for sample G-1 and 18.0 
percent for sample G-5. : 

Static immersion tests made on the %- 
inch to No. 4 fraction of the gravels gave 
the results shown in table 11. 

From density tests made on molded speci- 
mens of a series of trial mixtures, the opti- 
mum proportions of coarse and fine aggre- 
gates were determined. From these trial 
mixtures a range of bitumen contents was 
also determined. Final mixtures were then 
prepared, and immersion-compression tests 
made, using the procedure followed in study 
1. The results are shown in table 12. In 
this table, mixtures 1 and 2 are the wearing 
course and leveling course mixtures, respec- 
tively, containing sand and gravel from 
source A. Mixtures 3 and 4 are correspond- 
ing mixtures containing aggregates from 
source B. Although the compressive 
strengths of dry specimens containing ag- 
gregate from source A were higher than 
those of the specimens containing aggregate 


Table 11.—Static immersion test of 
gravels. study 3 








Area remaining coated after 24 
hours immersion in water at— 
































Sample 
100° F. 120° F. 140° F. 
Percent Percent Percent 
Galo. atti 95 85 80 







Deri archeveniiaatens 90 80 50 


from source B, the results in both cases in- 
dicated sufficient stability for park roads on 
which traffic is not expected to be heavy. 
The immersion tests indicated satisfactory 
resistance to water action for all four 
mixtures. 

As the result of this study, it was con- 
cluded that the use of sand-asphalt would 
not be recommended for this project, and 
that the use of the more expensive bitumi- 
nous concrete would be justified. 


Table 12.—Composition of bituminous concrete mixtures and 
results of immersion-compression tests, study 3 





Mixture Mixture Mixture Mixture 
1 
Coarse aggregate, sample No.... G-6 
Coarse aggregate, percent by weight 55 
Fine aggregate, sample No s-3 
Fine aggregate, percent by weight 39 
Limestone dust added, percent by weight 6 
Gradation of composite aggregate, percentage passing — 
1-inch sieve 
BAIN CH RIOVER Orca a he acre eee PEC te canes cowie Peevadk.|- ae Oe mam MS GLAM ab cote io)“ lowes tee 
PLE INCIY SICVONE sit cks LAST oe Roe ee ic aFSCR OEP te wel vig gel ET On OO CL Pe a Ae | eee ee oes 
3%-inch sieve... . 100 
i 57 
. 10 sieve 41 
. 20 sieve 35 
. 30 sieve 31 
. 40 sieve 24 
i 15 
8 
. 100 sieve qT 
. 200 sieve 6 
Parts asphalt to 100 parts aggregate, by weight 5.5 
Characteristics of specimens as molded: 
Air voids, percent 8.1 
Voids in mineral aggregate, percent 19.5 
Compressive strength, Ib. per sq. in 155 
Characteristics of specimens after 4 days immersion: 
Absorption, percent ier 
Volume change (swell), percent. . 0 
Compressive strength, lb. per sq. in 164 
Retained strength, percent 100 
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Title Pages for Volumes 24 and 25 


In years past the Bureau of Public Roads 
has issued an alphabetically arranged index 
for each volume of PUBLIC RoOADs, the last 
being that for volume 23 (March 1942-June 
1944). The indexing was discontinued at 
that time for lack of personnel, and has not 
been resumed. 

Searching through the long series of 
alphabetically arranged volume indexes is 
always time consuming and often unsatis- 
factory. It has therefore been decided to 
discontinue permanently the indexing of 
individual volumes. Instead, a far more 
useful reference work will be published, in 


192 


the form of a cumulative index covering 
all articles in PUBLIC ROADS volumes. 1-26. 
This will probably include a chronological 
listing of articles, an alphabetical list of 
authors, and a classification of articles ac- 
cording to subject matter. 

The cumulative index will probably be 
published some time in 1952, after the issu- 
ance of the last issue number of volume 26. 
Readers are requested to please withhold 
orders for the cumulative index until after 
announcement of its actual publication. 
Neither the Bureau or the Superintendent 
of Documents can handle advance orders. 











Because there are many who regul 
bind each volume of PUBLIC ROADS, we 
continue to print a title page for each 
ume, in which will appear a list of 
articles and their authors. The title pa) 
for volumes 24 and 25 are being mailed) 
all subscribers of PUBLIC Roaps. 7 | 

The title pages will also serve as use) 
interim supplements to the cumulative it 
While no definite plans have as yet 
made, it is probable that supplem 
cumulative indexes will be published per 
cally in the future, perhaps at interva 
5 or 6 years. ‘ 
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A complete list of the publications of the 
Bureau of Public Roads; classified according to 
subject and including the more important 
articles in PUBLIC ROADS, may be obtained upon 
request addressed to Bureau of Public Roads, 
Washington 25, D. C. 


PUBLICATIONS 


of the Bureau of Public Roads 





The following publications are sold by the Superintendent 
of Documents, Government Printing Office, Washington 25, 
Dp. C. Orders should be sent direct to the Superintendent of 
| Documents. Prepayment is required. 


_ ANNUAL REPORTS 


(See also adjacent column) 
| Reports of the Chief of the Bureau of Public Roads: 
L 1937, 10 cents. 1938, 10 cents. 1939, 10 cents. 


/ Work of the Public Roads Administration: 


1940, 10 cents. 1942, 10 cents. 
1941, 15 cents. 1946, 20 cents. 
1947, 20 cents. 


Annual Report, Bureau of Public Roads, 1950. 25 cents. 


1948, 20 cents. 
1949, 25 cents. 


_HOUSE DOCUMENT NO. 462 


Part 1... Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2... Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3... Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 


Part 4... Official Inspection of Vehicles. 10 cents. 
Part 5... Case Histories of Fatal Highway Accidents. 
3 10 cents. 
- Part 6... The Accident-Prone Driver. 10 cents. 


UNIFORM VEHICLE CODE 


Act J.—Uniform Motor-Vehicle Administration, Registra- 
: tion, Certificate of Title, and Antitheft Actem10 
cents. 
Act Il.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 
License Act. 10 cents. 
Act III].—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 
Act IV-—Uniform Motor-Vehicle Safety Responsibility Act. 
4 10 cents. 
Act V.—Uniform Act Regulating Traffic on Highways. 20 
14 cents. 
Model Traffic Ordinance. 15 cents. 


MISCELLANEOUS PUBLICATIONS 


_ Bibliography of Highway Planning Reports. 380 cents. 
Construction of Private Driveways (No. 272MP). 10 cents. 
Economic and Statistical Analysis of Highway Construction 
_ Expenditures. 15 cents. 

Electrical Equipment on Movable Bridges (No. 265T). 40 
ie CeTILS. 

Factual Discussion of Motortruck Operation, Regulation, and 
® Taxation. 30 cents. 

Federal Legislation and Regulations Relating to Highway Con- 
struction. 40 cents. 

Financing of Highways by Counties and Local Rural Govern- 
ments, 1931-41. 45 cents. 


U.S. GOVERNMENT PRINTING OFFICE: 1951—911332 


Guides to Traffic Safety. 10 cents. 

Highway Accidents. 10 cents. 

Highway Bond Calculations. 10 cents. 

Highway Bridge Location (No. 1486D). 15 cents. 
Highway Capacity Manual. 65 cents. 


Highway Needs of the National Defense (House Document No. 
249). 50 cents. 


Highway Practice in the United States of America. 50 cents. 

Highway Statistics, 1945. 35 cents. 

Highway Statistics, 1946. 50 cents. 

Highway Statistics, 1947. 45 cents. 

Highway Statistics, 1948. 65 cents. 

Highway Statistics, 1949. 55 cents. 

Highway Statistics, Summary to 1945. 40 cents. 

Highways of History. 25 cents. 

Identification of Rock Types. 10 cents. 

Interregional Highways (House Document No. 379). 75 cents. 

Legal Aspects of Controlling Highway Access. 15 cents. 

Local Rural Road Problem. 20 cents. 

Manual on Uniform Traffic Control Devices for Streets and 
Highways. 75 cents. 

apa acto Theory of Vibration in Suspension Bridges. 
b1.20. 


Principles of Highway Construction as Applied to Airports, 
Flight Strips and Other Landing Areas for Aircraft. $1.75. 


Public Control of Highway Access and Roadside Development. 
35 cents. 


Public Land Acquisition for Highway Purposes. 10 cents. 
Roadside Improvement (No. 191MP). 10 cents. 
Selected Bibliography on Highway Finance. 55 cents. 


Specifications for Construction of Roads and Bridges in Na- 
tional Forests and National Parks (FP-41). $1.50. 


Taxation of Motor Vehicles in 1932. 35 cents. 


Tire Wear and Tire Failures on Various Road Surfaces. 10 
cents. 


Transition Curves for Highways. $1.25. 





Single copies of the following publications are available to 
highway engineers and ‘administrators for official use, and 
may be obtained by those so qualified upon request addressed 
to the Bureau of Public Roads. They are not sold by the 
Superintendent of Documents. 


ANNUAL REPORTS 


(See alse adjacent column) 


Public Roads Administration Annual Reports: 
1943. 1944, 1945. 


MISCELLANEOUS PUBLICATIONS 


Bibliography on Automobile Parking in the United States. 
Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Land Acquisition for Public Roads. 
Bibliography on Roadside Control. 

Express Highways in the United States: a Bibliography. 
Indexes to PuBLIC RoAps, volumes 17-19, 22, and 23. 

Road Work on Farm Outlets Needs Skill and Right Equipment. 
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